The patient was a 63-year-old man with drug-resistant atrial fibrillation who developed coronary spasm during cryoballoon ablation (CBA). CBA was started from the left inferior pulmonary vein. ST elevations in II, III, and aVf, with reciprocal ST depressions in V2-5, occurred in association with chest pain just after balloon rewarming and deflation, and the patient's blood pressure fell to 50 mmHg. Coronary angiography revealed 90% diffuse stenosis from the orifice of segment 1 to segment 4 in the right coronary artery. The stenosis and ST elevations improved after the intracoronary injection of nitroglycerine. Using continuous peripheral intravenous coronary vasodilation, we electrically isolated the other pulmonary veins with CBA without incident.
Introduction
Radiofrequency (RF) ablation is commonly performed to treat atrial fibrillation (AF); however, cryoballoon ablation (CBA) for paroxysmal AF is expected to have a shorter operative time (1) and is associated with a lower incidence of recurrence after initial ablation (2) . As Japanese have a higher prevalence of vasospastic angina (VSA) (3, 4) , we often encounter patients in whom chest pain is induced by exposure to cold (5) . We herein report the case of a 63-yearold man with drug-resistant AF who developed coronary artery spasm (CAS) during CBA.
Case Report
A 63-year-old man was found to have AF during an examination 10 months before his first visit to our hospital. He had a history of appendicitis, pneumonia, hepatic disorder, and acute gastric bleeding with treatment for Helicobacter pylori infection. He had no known allergies or family history of sudden death or cardiac disease. The only coronary risk factor was a more than 40-year smoking history. He drank approximately 1,700 mL of beer every day. He had recently experienced exertional dyspnea. Bisoprolol fumarate (2.5 mg) and cibenzoline (100 mg), which had been prescribed by his family doctor, were initially effective for preventing AF. However, the patient developed atrial flutter, and was referred to our hospital for ablation. The electrocardiogram at his first visit to our hospital showed AF with no significant ST-T changes. Chest radiography revealed mild cardiomegaly with a cardiothoracic ratio of 57% and no pleural effusion. Transthoracic echocardiography revealed a slightly large left atrium (diameter: 39 mm) and left ventricular systolic dysfunction (left ventricular ejection fraction: 35%). The results of laboratory studies were as follows: brain natriuretic peptide, 90.6 g/dL; creatinine, 1.04 mg/dL; Hb, 14.5 g/dL; C-reactive protein, 0.07 mg/dL; and HbA1c, 5.7%. His thyroid function test results were unremarkable. The CHADS2 score was 1, due to the presence of heart failure. Coronary computed tomography angiography revealed no significant stenosis, with a single small calcification in both the left anterior descending coronary artery and the right coronary artery (RCA). Bisoprolol fumarate and cibenzoline were stopped, and edoxaban (a direct oral anticoagulant) was started. ing transseptal access, the four pulmonary veins were identified and CBA was started from the left inferior pulmonary vein (LIPV). Fig. 1 shows the LIPV contrasting and the position of cryoballoon. Cooling for 3 minutes at the LIPV decreased the balloon and esophageal temperatures to -45 and 13.8 , respectively. Then, the LIPV was electrically isolated. However, the heart rate decreased and ST elevations in II, III, and aVf accompanied by reciprocal ST depressions in V2-5, developed in association with chest pain just after balloon rewarming and deflation (Fig. 2) . The patient's blood pressure fell to 50 mmHg and a vasopressor was administrated. There was no air embolus on coronary angiography (CAG); however, 90% diffuse coronary stenosis was observed from the orifice of segment 1 to segment 4 in the RCA (Fig. 3) . The angiographic stenosis and electrocardiography (ECG) changes improved 2 minutes after an intracoronary injection of nitroglycerine (2.5 mg). No stenosis was apparent in the left coronary arteriography. We waited for 30 minutes, while maintaining peripheral intravenous infusion of a coronary vasodilator, nicorandil. Under continuous coronary vasodilation, we isolated the other 3 pulmonary veins with CBA; there were no ST changes and incidents (Fig. 2) . Detailed history taking subsequently revealed that the patient usually felt chest pain when he entered the refrigeration room at work, and resolution when he left the refrigeration room. Although beta-blockers often worsen coronary spasm in VSA patients, bisoprolol fumarate, which was prescribed before the ablation, did not worsen his chest pain. A calcium channel blocker was prescribed, and the patient was given instruction on smoking cessation. He was discharged 4 days after the ablation. (a) (b)
Discussion
In this case, diffuse coronary artery stenosis in the RCA developed during CBA. No findings of coronary air embolus on CAG and the immediate improvement following the administration of nitroglycerine indicated that the cause of coronary artery stenosis was CAS. CAS is an abnormal contraction of the epicardial coronary arteries, which results in myocardial ischemia (6) . Although the underlying mechanism responsible for CAS remains unclear, reduced endothelial nitric oxide activity, hypercontraction of the coronary smooth muscle, and inflammation have been implicated (7, 8) . Smoking is the only predisposing factor for CAS, which is widely recognized in many studies, in contrast to the multiple risk factors for structural atherosclerotic coronary artery disease, such as hypertension, diabetes mellitus, and dyslipidemia (9) (10) (11) . Oxidative particles that are present in cigarette smoke may contribute to vascular damage (12) . In Japanese patients with VSA, regular alcohol consumption may also be involved. Alcohol consumption promotes the urinary excretion of magnesium (13) . Magnesium deficiency may be related to the genesis of CAS in some patients with VSA. The patient in this case was a heavy smoker and drinker. Smoking and drinking cessation can help prevent CAS. Instructions for smoking cessation are indispensable to the treatment of VSA, and alcohol intake should be limited. The patient usually experienced chest pain with cold stimulation. A cool pressor test, which provokes CAS, is performed by submersing the patient's hand in ice water (5) . Cold pressor stimulation induces reflex vasoconstriction in multiple vascular beds, with a consequent increase in the peripheral vascular resistance and systemic arterial blood pressure (14) . Cold pressor stimulation has been shown to reduce coronary blood flow in some patients with coronary artery disease (15) . Although betablockers often worsen CAS in VSA (16), our patient did not have increased chest pain.
Coronary artery complications have been reported after RF ablation; these include direct thermal injury by RF energy (17), embolus (18) , and CAS (19) (20) (21) (22) . Although the relationship between the RF energy delivery or embolus site and the coronary artery lesion is clear (damage via direct thermal injury or embolus may occur), CAS does not necessarily occur near the point at which the RF energy is applied. The incidence of CAS due to RF ablation is extremely rare; it occurs more frequently in the RCA than in the left coronary artery (21) . Most cases of CAS caused by RF ablation have no history of CAS (19) (20) (21) . The detailed mechanism through which RF ablation causes CAS remains to be elucidated. However, human histological studies show that the atrium contains epicardial ganglionated plexuses, which consist of different patterns of sympathetic and vagal nerves (23) . Thus, endocardial RF ablation may affect the epicardial ganglionated plexus through a thermal injury, which may cause an imbalance in autonomic nervous activity. Furthermore, a sudden increase in sympathetic or vagal tone might trigger CAS (24) .
CAS has been reported to occur near the cooling site after the application of a cryoablation catheter (25, 26) . Conversely, the cryoballoon was located far from the RCA in our case (Fig. 3) . Although the underlying mechanism is not clear, an imbalance in the autonomic nerve activity, which was possibly caused by RF ablation, might have contributed to CAS. Cooling in the left atrium during CBA is different from the cooling of the hand during a cold pressor test. It has been reported that CAS is induced during hypothermia therapy with ice packs and by chilled intravenous infusion after successful cardiopulmonary resuscitation (27) . It is possible that blood cooled by the cryoballoon in the left atrium flows through the coronary arteries and induces CAS.
Although a near-fatal case involving CAS induced by CBA has been reported (28) , the patient in the present case was diagnosed in the early phase, which enabled us to proceed with CBA after CAS. It is important for cryoballoon operators to understand that cold stimulation by CBA might induce CAS and to be prepared for this possibility. A thorough preoperative history should be taken to determine whether a patient has a history of chest pain and whether it is induced by exposure to cold. The administration of a calcium channel blocker and education on smoking cessation before ablation are also important. When vagal suppression is predicted, atropine (a vagal nerve blocker) may be useful. Given that the ST changes on ECG during CBA may reflect CAS, it is necessary to carefully monitor the ECG during CBA. Additionally, we should perform CAG when ST changes are observed during CBA and promptly administrate a coronary vasodilator.
The authors state that they have no Conflict of Interest (COI).
